Introduction 3 6
Functional traits, arising as innovations through evolution, can capture essential aspects of 1 1 0 standard protocols (Pérez-Harguindeguy et al. 2013) . Continuous traits include seed mass 1 1 1 (g/seed), plant height (cm), specific leaf area (SLA, m 2 /kg), leaf dry matter content (LDMC, %), 1 1 2 leaf circularity (dimensionless), leaf length (cm), leaf width (cm), leaf thickness (mm), leaf 1 1 3 carbon concentration (%), leaf nitrogen concentration (%), and stem dry matter content (SDMC, 1 1 4 %). We aggregated categories of each categorical trait into two levels: growth form (woody vs. non-woody), life cycle (annual vs. non-annual), and pollination mode (biotic vs. abiotic). We 1 1 6 divided seed dispersal mode into three binary variables (wind dispersed vs. not, animal dispersed 1 1 7 vs. not, and unassisted vs. assisted dispersal). Collectively, these functional traits, covering the analyses, we log-transformed highly skewed traits first and then Z-transformed the trait values to 1 2 1 have means of zero and standard deviations of one, allowing coefficients in the mixed models to 1 2 2 be interpreted as effect sizes. Phylogeny. -The phylogeny used in this study is a subset of a phylogeny for all vascular plants abundance across sites but are assumed to be drawn from a multivariate Gaussian distribution 1 7 7 with covariance matrix σ 2 b Σ spp , where the n × n matrix Σ spp is derived from the phylogeny (see a spp [i] and b spp[i] together capture variation in mean species log abundances that is either unrelated
to phylogeny or has phylogenetic signal. The random variable c i accounts for covariance in the 1 8 1 log abundances of plant species nested within sites (using the Kronecker product, kron). Specifically, c i assesses whether phylogenetically related plant species are more or less likely to 1 8 3 co-occur at the same sites. Hence, c i is used to measure either phylogenetic attraction or might be the case if closely related species are more likely to share common resources, then the 2 0 0 relative abundances of species will have covariance matrix (Σ spp ) -1 . We tested variation of relationships between trait values and log abundances with the LMM gives the variation among sites in the relationship between species trait values and log 1 4
We tested for phylogenetic patterns in the responses of species to environmental variables using Phylogenetic community composition 3 0 0
Phylogenetically related species co-occurred more often than expected by chance in pine barrens 3 0 1 communities in central Wisconsin (Fig. 2) . Permutation tests including all 152 species showed 0.20). Nevertheless, the PLMM (p = 0.008; Table 1 ) and PGLMM (p < 0.001; Appendix Table   3 0 9 S1) both reveal statistically significant phylogenetic patterns for the 55 focal species.
3 1 0
Can functional traits explain phylogenetic community composition?
3 1 1
Most functional traits showed strong phylogenetic signal ( Table S3 ). Thus, functional traits explained more of the phylogenetic patterns in the 3 2 4
presence/absence of species from communities than in their log abundance, although functional 3 2 5
traits still cannot fully explain the phylogenetic pattern in community composition. There was significant variation among species in their responses to most of the environmental 3 2 8 variables we measured, including soil conditions, canopy shade, precipitation, and minimum 3 2 9
temperature (Table 4 ). However, there was no phylogeny signal in the differences among species in their responses to these variables (last column in Table 4 ). Therefore, no environmental 3 3 1 variables we measured can explain the observed phylogenetic pattern in community composition. to occupy similar sites as measured by these environmental variables (Appendix Table S4 ). Therefore, functional traits associated with these environmental variables could potentially be 3 3 6
responsible for phylogenetic patterns in presence/absence of species among communities. We used our extensive database of functional traits to answer a key question in trait-based and Wisconsin, yet we could not explain this pattern completely using information about species' 3 4 3 functional traits. When functional traits that themselves showed phylogenetic signal among analyze plant community structure, we could not fully explain the phylogenetic patterns in 3 5 1 community composition. This suggests that there are either important functional traits that we 3 5 2 have not measured, or that there are phylogenetic processes unrelated to functional traits that we 3 5 3
have not identified. In either case, these results suggest that including phylogenetic information 3 5 4
in addition to functional traits provides further insights into the processes affecting community 3 5 5
assembly.
3 5 6
When using the subset of 55 species that occurred in three or more communities, the PLMM 3 5 7 (and PGLMM), but not permutation tests, found statistically significant phylogenetic patterns.
3 5 8
Ives & Helmus (2011) showed that phylogenetic mixed models have greater statistical power 3 5 9
than the metrics like PSE and MPD used with permutation tests. Simulations (Appendix Text S1) 3 6 0
show that PLMM analyses tended to have, if anything, incorrectly low Type I error rates, implying that our PLMM results were not the result of false positives. We can thus conclude that closely related species are more likely to co-occur and share similar abundances than expected 3 6 3 by chance in these pine barren communities. unknown historical process might account for this residual phylogenetic variation ( Fig. 1B, IV) .
However, our sites are all located within 100 km with each other, making it unlikely that 3 6 8
historical biogeographical processes strongly affect the composition of these communities. It seems more likely that the main source of phylogenetic patterns that were not explained by our presence/absence data using PGLMMs suggested that soil conditions (pH, Ca, and Mn levels)
and climate (minimum temperature) are potential driving variables for the residual phylogenetic patterns (Appendix Table S3 ). Traits associated with plant responses to these gradients in responses to soil and climatic conditions, and we do not have information on likely traits such as 3 7 7 root structure, micorrhizal associations, frost tolerance, etc. We expect such traits might be able 3 7 8
to explain more of the phylogenetic pattern in community composition.
3 7 9
We found that functional traits could explain a greater part of the phylogenetic component of the 3 8 0 pattern of species presence/absence (89%) than of species abundances (57%). This is unlikely to 3 8 1 be a statistical artifact. Because we used only the most common 55 species, detection of species 3 8 2 in sites where they occur is likely to be high. In contrast, we expect considerable within-species the abundance data than in the presence/absence data, the opposite of what we found. Therefore, 3 8 6
our results suggest that the functional traits we measured have a greater effect on the overall 3 8 7 suitability of sites for species than the finer-tuned quality of the sites to support large 3 8 8
populations, supporting the argument that including abundance data in phylogenetic community 3 8 9
analyses provides more information about community assembly (Freilich & Connolly, 2015) . Finally, we can use phylogenetic analyses to suggest possible unmeasured functional traits that 4 1 0 underlie patterns in community composition and that therefore should be measured. water/nutrient uptake. While this reveals that our study is incomplete, it also provides a valuable 4 1 7 lesson and demonstrates the power of the integrated PLMM approach. for community ecology. Plant Ecol., 1-14. Lett., 13, 1310-1324. patterns in community composition. given in the column labeled p(σ 2 b = 0). Functional traits with strong phylogenetic signal and p(σ 2 b = 0) < 5 2 9
0.1 are considered to be important in explaining phylogenetic patterns. Although 13/20 environmental variables generated variation in species composition among communities, determined by unmeasured and measured traits, and also by additional processes that could 5 4 8
generate phylogenetic signal, such as biogeographical patterns in the distribution of species.
4 9
Phylogenetic patterns in community composition can be generated from measured and these traits there is residual phylogenetic signal that could have been generated by unmeasured estimating the proportion of this overlapping information that the phylogeny contains (i.e., the 5 5 7 magnitude of i relative to i + ii + iii). Note that we do not try to explain the proportion of 5 5 8
overlapping information that functional traits contain (i.e., the magnitude of I relative to I + II + 5 5 9 III) due to our inability to estimate the amount of information provided by unmeasured traits and 
